ABSTRACT: To determine whether adiposity was altered, body size (weight, length) and composition, determined by dual energy x-ray absorptiometry, were examined in preterm infants fed with a nutrient enriched (A, n ϭ 56), a term infant (B, n ϭ 57) or the nutrient enriched (discharge and term) plus the term formula (term and 6 mo; C, n ϭ 26), and a group of breast-fed preterm infants (D, n ϭ 25) at hospital discharge, 3, 6, and 12 mo corrected age. The results were analyzed using standard statistics. One hundred sixty-four infants (birth weight ϭ 1406 Ϯ 248 g, GA ϭ 31 Ϯ 1.7 wk) were studied. All infants underwent "catch-up," but weight and length were greater in infants in group A compared with groups B, C, or D. More rapid and complete "catch-up" was paralleled by increased total nonfat and fat mass (g) but not percentage of fat mass. Changes in fat mass (g) were primarily explained by increased fat accretion on the legs. More rapid and complete "catch-up" growth, therefore, reflected increased nonfat and peripheral fat mass. These data do not support the hypothesis of increased or central adiposity in infants fed a nutrient-enriched formula after hospital discharge. (Pediatr Res 67: 660-664, 2010)
I
nfants fed with fortified human milk (1) or an enriched preterm formula (2-7) have increased body weight and length than those who are solely breast-fed or fed with a term formula after hospital discharge. Therefore, it is recommended that they can be fed with either fortified human milk or an enriched preterm infant formula for varying periods after hospital discharge (8, 9) . However, concern exists about "catch-up" growth and the subsequent development of insulin resistance and central adiposity in preterm infants (10) .
In growth-retarded term infants, rapid "catch-up" has been related to the development of insulin resistance and metabolic syndrome X (11) . In a recent review, Yeung (10) has suggested that this risk may be even greater in preterm infants (12) . In effect, better growth may be associated with better development (12, 13) , but it may also be associated with the development of insulin resistance and visceral adiposity in these high-risk infants (10,14 -16) .
Several studies have examined body composition in preterm infants fed with nutrient enriched formulas after hospital discharge (17) (18) (19) (20) (21) (22) (23) , but none have longitudinally assessed the effects of these diets on fat free and fat mass accretion. It is also unclear whether any relationship exists between global fat mass and central fat mass accretion and how this "tracks" during the first year of life in the preterm infant.
This article focuses on the effects of different infant-formula diets on growth and body composition, how body composition tracks during the first year of life, and the relationship between global and central fat mass accretion in these infants. Changes in growth and body composition are compared with a reference group of breast-fed preterm infants who were studied at the same time. It was hypothesized that differences in body weight would not be associated with increased or altered adiposity in infants fed with the nutrient-enriched formula when compared with those fed with the term formula or those who were breast-fed.
METHODS
This study was a single center, double-masked, controlled, prospective and randomized clinical trial of three parallel treatment groups that began immediately before initial hospital discharge and lasted until 12 mo corrected age (6) . Randomization was predetermined centrally, and assignment to a treatment group was done using sealed envelopes. The study was approved by the Ethics Committee of the Newcastle and North Tyneside Health Authority, and informed consent was obtained from the parent(s) or legal guardian.
Preterm infants with a GA Յ34 wk and a birth weight of Յ1750 g were considered eligible for the study. Those with no evidence of systemic disease, requiring no medication, and growing normally at the time of hospital discharge, i.e. Ն25 g/d, were enrolled.
Immediately before hospital discharge, infants were randomized to be fed with a preterm infant formula between discharge and 6 mo corrected age (group A), a standard term infant formula between discharge and 6 mo corrected age (group B), or a preterm formula between discharge and term and then the term formula between term and 6 mo corrected age (group C). A reference group of breast-fed infants were studied at the same time (group D).
The preterm formula differed in several respects from the term formula: e.g. energy (80 versus 66 kcal/100 mL for the preterm and term formulas), protein (2.2 versus 1.4 g/100 mL), protein-to-energy ratio (2.75 versus 2.1 g/100 kcal), calcium (108 versus 54 kcal/100 mL), and phosphorus (54 versus 27 mg/100 mL). Ready-to-feed formula was provided in cartons containing 24 ϫ 100 mL bottles. Infants were discharged with a 2-3 wk supply of preweighed cartons and instructions to thoroughly shake each bottle before feeding and to feed the formula on demand.
Infants were seen at the outpatient clinic every 2 wk between discharge and term and monthly between term and 6 mo. At each visit, intake was determined. Body composition was measured at discharge, term, 12 wk, 6 mo, and 12 mo corrected age. Intake between visits was calculated from the differences in weight between the delivered and returned cartons and averaged for the time interval between visits.
Body composition was measured using DEXA (Hologic QDR 2000, Hologic Inc, Waltham, MA) with a special radiation filter on top of the normal scanning couch, as previously described (24) . This filter plate is optimized for a body weight range of 1 to 10 kg. Scan analysis was performed using the Infant Whole Body Software, version 5.56P.
The scan procedure was as follows. Before the arrival of the infant, the scanning couch of the densitometer was moved to the starting position with the radiation filter plate in place. The scanning area was then covered with a commercial absorbent paper material and the calibration phantom (the "T" bar) placed at the edge of the scanning area. The phantom was constructed of polymethylmethacrylate (Perspex) and aluminum and designed to simulate three thicknesses of soft tissue and three densities of bone overlying soft tissue.
After arrival, when the baby was settled, she/he was undressed, swaddled in a light cotton sheet, and placed supine on to the scanning surface, parallel to the long axis of the couch with the head ϳ2 cm from the starting point of the scan as marked on positioning aid. The scan was begun when the infant was quiet and with a research nurse constantly in attendance.
Scan precision was assessed by scanning the torso and arm sections of the pediatric anthropometric phantom seven times. The phantom had been positioned according to the standard protocol for a 1-year-old child. During analysis of each completed baby scan, head, chest, pelvis, legs, and arms were identified as distinct regions of interest, with boundaries drawn using the software provided. All scans were performed by one of the two operators with an intraoperator variability of 1.36 Ϯ 1.0 (mean Ϯ SD) and 0.92 Ϯ 0.7% for operators one and two, respectively.
Scans were first inspected to ensure that all four limbs were present and clearly seen. For each scan, DEXA-derived weight was then compared with scale-derived weight. If the paired values agreed (Ϯ15%), then data for that scan were included. Scans were also evaluated by comparing weights, as determined by DEXA, between right and left arm and between right and left leg. If paired values agreed (Ϯ10%), then the scan was included.
The data were analyzed using ANOVA, with group, age, and sex as blocking variables. Post hoc comparisons were examined using Fishers protected least significant difference test. Stepwise regression analyses were used to compare the relative effects of protein and energy intake on weight and length gain in the study infants. Results were considered significant at p Ͻ 0.05.
RESULTS
One hundred sixty-four infants (group A ϭ 56, B ϭ 57, C ϭ 26, and D ϭ 25; boys ϭ 75 and girls ϭ 89) were studied. The characteristics of the infants are presented in Table 1 . No differences were detected between the groups at birth or at entry into the study, with the exception that birth weight z-score was less in infants fed with the preterm formula (group A) than the breast-fed infants (group D; mean difference ϭ Ϫ0.49, p ϭ 0.05). Mean (Ϯ1 SD) age at hospital discharge was 37 Ϯ 1.4 wk corrected age.
Volume and consequently energy and protein intakes decreased in all groups during the study (Fig. 1) . Mean daily volume (A ϭ 136 Ϯ 47 Ͻ C ϭ 152 Ϯ 43 Ͻ B ϭ 164 Ϯ 58 mL/kg/d; p Ͻ 0.001) and protein (A ϭ 3.0 Ϯ 1.0 Ͼ C ϭ 2.4 Ϯ 1.0 Ͼ B ϭ 2.3 Ϯ 0.8 g/kg/d; p Ͻ 0.0001) but not energy (A ϭ 108 Ϯ 37, B ϭ 105 Ϯ 35, and C ϭ 108 Ϯ 38 kcal/kg/d) intakes differed between the groups. Intake was not measured in the breast-fed infants.
Weight and length of the study infants are presented in Figure 2 . z-Scores for weight increased in group A (p Ͻ 0.001) and tended to increase in groups B (p ϭ 0.06) and D (p ϭ 0.10) but not in group C and differed significantly between the groups (A Ͼ B, C, D, p Ͻ 0.001; B Ͼ C, p Ͻ 0.05). In group A, the increase was significant by term (p Ͻ 0.005), not changing thereafter. In groups B and D, the increase was significant by 12 wk (p ϭ 0.10), remaining constant thereafter.
z-Scores for length increased in all groups (p Ͻ 0.0001) but differed significantly between the groups (A Ͼ B, C, D, p Ͻ 0.001; B Ͼ C, p ϭ 0.08). In group A, the increase was significant by term (p Ͻ 0.001), continuing to increase until 6 mo (p Ͻ 0.0001), not changing thereafter. In group B, the increase was also significant by term (p Ͻ 0.05) but continuing to increase until 12 mo (p Ͻ 0.0001). In groups C and D, the increase was significant by 12 wk (p Ͻ 0.001), not changing thereafter in group C but continuing to increase in group D (p Ͻ 0.05).
Body weight, fat-free mass, and fat mass data are presented in Table 2 . Weight and fat-free mass differed between the groups (A Ͼ B, C, D; p Ͻ 0.05, Ͻ 0.0001, Ͻ 0.05, respectively). Fat mass was greater in group A than groups B (p Ͻ 0.05) and C (p Ͻ 0.005), but no differences were detected in percentage of fat mass between the groups. At 6 and 12 mo, body weight and fat-free mass, but not fat mass (g, %), were greater in group A than in groups B, C, or D (p Ͻ 0.01).
Increments in weight, fat-free, and fat mass are presented in Table 2 . Significant differences were detected in the rate of Figure 1 . Dietary intakes in study infants. A. Volume of intake was less in infants fed the preterm formula (F) than those preterm plus term formula (ϫ) which was less than those fed the term formula (E; *p Ͻ 0.001). B. Energy intake. **No significant differences were noted in energy intakes between the groups. C. Protein intake was greater in infants fed the preterm formula than those fed the preterm plus term formula which was greater than those fed the term formula ( †p Ͻ 0.001). weight gain (p Ͻ 0.05) and fat-free mass gain (p Ͻ 0.01) but not in fat mass gain between the groups. The main differences were noted between discharge and term, with rate of gain being almost identical thereafter. Stepwise regression analyses indicated that variation in protein intake accounted for ϳ40% of the variation in weight gain (p Ͻ 0.0001) between the study infants. A linear relationship was noted between changes in global fat mass and central fat mass and changes in global and leg fat mass (Fig. 3) . Changes in central and leg fat mass accounted for 30 and 40% for the variation in global fat mass.
Regional fat mass data are presented in Table 3 . Fat mass accretion increased at all sites during the study. Torso, pelvis, and arm fat mass were or tended to be less in group C than in groups A, B, and D (p Ͻ 0.01), but no differences were noted between infants in group A when compared with those in groups B or D. No differences were detected in central fat mass (torso ϩ pelvis) between infants in group A when compared with those in groups B or D at 12 wk, 6 mo, or 12 mo. Leg fat mass was greater in group A than in groups B (p Ͻ 0.005), C (p Ͻ 0.001), or D (p ϭ 0.09). 
DISCUSSION
This is the first study to longitudinally evaluate total and regional body composition in preterm infants during the first year of life and to suggest that percentage of body fat is not altered at 12 wk, 6 mo, or 12 mo of age in these high-risk infants. This study is the first to suggest that more rapid and more complete "catch-up," as was noted in infants fed with the nutrient-enriched formula, is not associated with altered adiposity but is paralleled by an increase in fat free and peripheral fat mass. These data have important implications for feeding preterm infants after hospital discharge.
Yeung (10) has suggested that because of recurrent "stress" and protein, under-nutrition preterm infants are at an increased risk for the development of an insulin-resistant state. This, in turn, leads to hyper-insulinemia, a down regulation of visceral ␤ 3 -adrenoreceptors and increased intraabdominal adiposity, which may or may not be associated with general adiposity (25) .
At the same time, Ong (11) has suggested that there are two types of rapid catch-up growth in infants. One is paralleled by an increase in "predominantly fat mass, central in location and associated with insulin resistance," and the second by "predominantly lean mass and height gain." This author then goes on to suggest that the former is much more likely in growthretarded term infants and, therefore, the development of metabolic syndrome X in later life (11) .
Data from this study do not support this suggestion in the preterm postnatally growth-retarded infant. Although all infants demonstrated "catch-up" growth, in terms of weight and/or height gain, in no instance did percentage of fat mass or central fat mass differ between the formula-fed and the breast-fed infants. These data suggest that "catch-up" was largely "healthy catch-up growth" as defined by Ong (11) and, therefore, perhaps desirable.
The rate of "catch-back" also varied between the groups. In infants fed with the nutrient-enriched formula, z-score for body weight peaked at term compared with 12 wk in infants fed with the term formula or the breast-fed infants. In infants fed with the nutrient-enriched formula, z-score for length peaked at 12 wk compared with 6 or 12 mo in the other groups. This suggests that needs for "catch-back" were more rapidly recouped with the nutrient-enriched formula.
The extent of "catch-back" also differed between the formula-fed infants. z-Scores for body weight and length were greater in infants fed with the nutrient-enriched formula, increased weight and length reflecting increased nonfat mass and fat mass deposition on the legs, i.e. peripheral fat. This not only suggests "healthy" but also more complete catch-up growth in infants fed with the nutrient-enriched formula.
In young children with protein-energy malnutrition, visceral tissue is conserved at the expense of muscle and fat. In the initial stages of refeeding with high energy intakes (26) , rapid weight gain reflects an increase in body fat (27, 28) , which is followed later by an increase in muscle mass (29) . In our study, initial weight gain was primarily paralleled by an increase in fat-free mass, with protein not energy accounting for a significant amount of the variation in weight and length gain. 
